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Abstract
Purpose The aim of this study was to investigate amateur runners’ knowledge and practices of the current sports nutrition 
guidelines for pre and post-event carbohydrate (CHO) and protein (PRO) intakes.
Methods Data was collected from 100 amateur runners using an online survey. Participants provided demographic informa-
tion, a dietary recall of their intake 24 (n = 49) and 1–4 h before and immediately after a long-distance run (≥ 60–90 min in 
duration) for analysis of CHO and PRO contents (n = 82). They also answered questions about their knowledge of the current 
CHO and PRO recommendations and their primary sources of nutrition information.
Results CHO intake 24-h pre-exercise (3.3 ± 1.7 g kg day−1) was lower than the currently recommended intakes of 10–12 
g kg−1 for effective CHO loading (P = 0.001). Average CHO intake 1–4 h pre-exercise (1.2 ± 0.6 g kg−1) were within the 
recommended amounts > 1.0 g kg-1 (P > 0.05); however, only 60% of participants consumed ≥ 1.0 g kg−1. Post-exercise CHO 
intakes (1.1 ± 0.8 g kg−1) were not different from the recommended guidelines ≥ 1.0 g kg−1 (P = 0.190) but only ~ 48% of 
participants achieved this target. Average PRO intake post-exercise exceeded the minimum recommended guidelines (≥ 0.25 
g kg−1) by ~ 0.15 g kg−1 (P = 0.001); however, only ~ 75% of participants consumed ≥ 0.25 g kg−1. Overall, knowledge of 
the current CHO and PRO intakes pre and post-exercise were poor, with < 5% of participants selecting the correct answers.
Conclusions This study suggests that amateur runners are largely unaware of the current sport nutrition guidelines and pre-
exercise intake of CHO (24 h pre) is sub-optimal.
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Introduction
Carbohydrates are stored in the liver and muscle as gly-
cogen [1]. During exercise, stored glycogen is broken 
down to glucose and used to fuel contractile activity [1]. 
It is widely believed that one of the main causes of fatigue 
during aerobic exercise is the depletion of these glycogen 
stores, which, depending on the intensity of the exercise, 
begins to occur after ~ 60–90 min of aerobic exercise [1–3]. 
Thus, to optimize performance and recovery, current sports 
nutrition guidelines recommend that endurance athletes, 
defined as those taking part in events ≥ 30 min in duration 
[3] ‘carbohydrate load’ in the 1–2 days prior to endurance 
events ≥ 90 min in duration; that is, consume higher than 
normal amounts of carbohydrate (CHO) to saturate their 
muscle and liver glycogen stores prior to the event [2–4]. 
The recommended amounts are dictated by the duration of 
exercise; 7–12 g kg day−1 of CHO if exercise is < 90 min in 
duration or 10–12 g kg day−1 if ≥ 90 min in duration [1, 4].
Similarly specialized recommendations are provided for 
post-exercise carbohydrate intakes [15]. Indeed, Moore [15], 
recommends that endurance athletes consume CHO at a rate 
of ~ 1.2 g kg h−1 to replete diminished glycogen stores fol-
lowing exercise, a pattern that should continue for at least 
4 h if rapid refueling is required. However, it is important 
to note that if there is ≥ 8 h before the next exercise bout, 
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then resuming normal carbohydrate intake in the next 24 h is 
considered sufficient to replenish glycogen stores [4].
Endurance athletes are also encouraged to pay special 
attention to their post-exercise intake of protein (PRO), given 
its important role in skeletal muscle repair and re-modelling 
[5, 6]. The current sports nutrition guidelines recommend 
that ≥ 0.25 g kg−1 of PRO is consumed immediately post to 
maximize muscle protein synthesis (MPS) and myofibrillar 
remodeling following endurance exercise [5]. Protein, there-
fore, plays a key role in the adaption and recovery of skeletal 
muscle function following endurance exercise.
These targets have been developed over several decades 
of laboratory research and represent the most effective 
dietary strategies to optimize recovery and performance 
[4]. Despite this, research suggests professional endurance 
athletes find it difficult to reach the recommended pre- and 
post-exercise PRO and CHO intakes, either due to a lack 
of knowledge or difficulty in managing their dietary behav-
iors [7, 8]. It would, therefore, be reasonable to assume that 
amateur endurance athletes, especially those performing ≥ 1 
h day−1, find it even more challenging to reach the current 
sports nutrition guidelines. In support of this contention, 
recent studies suggested that pre- and post-exercise intakes 
of PRO and CHOs are sub-optimal in amateur endurance 
athletes. For example, in the study by Doering et al. [9] 
it was found that Australian masters triathletes only con-
sumed 0.7 g kg−1 of CHOs post-exercise, significantly below 
the recommended intakes for optimal glycogen repletion. 
Similarly, Praz et al. [10] reported that the 40 ski-moun-
taineers they evaluated failed to consume the recommended 
10 g kg day−1 of CHOs in the days leading up to an ultra-
endurance race, with average intakes < 5 g kg day−1. The 
authors of both studies speculated that their findings could 
be due to poor nutritional knowledge or possibly compli-
ance. This could stem from the fact that apart from athletes 
at the highest level, most do not have access to a qualified 
nutrition professional, instead relying on coaches, friends 
and the internet for sports nutrition advice [9]. Nonetheless, 
sub-optimal CHO and PRO intakes before and after training 
or races, especially those longer than 60–90 min, could neg-
atively affect performance and recovery—and possibly even 
compromise immune function and general health [3, 5, 11].
Because participation in amateur running events has 
increased exponentially in recent decades [3, 12, 13], an 
examination of the dietary practices of amateur runners, spe-
cifically their CHO and PRO intakes around training and 
races is timely and warranted. To the author’s knowledge, no 
study to date has evaluated the sports nutrition practices of 
amateur runners in the UK; thus, the primary aim of the pre-
sent study was to examine whether amateur runners from the 
UK reach the current sport nutrition guidelines for pre- and 
post-event CHO and PRO intakes. A secondary objective 
of this study was to determine recreational runner’s knowl-
edge of these intakes and their primary sources of nutrition 
information. We specifically chose to focus on the CHOs and 
PROs over other nutrients such as dietary fat or individual 
vitamins, as these are the macronutrients most relevant to 
performance and recovery during training and competition. 
We hypothesized that most amateur runners would fail to 
meet the current guidelines for pre- and post-exercise CHO 
intakes and post-exercise PRO intakes and that their knowl-
edge of the guidelines would be poor.
Methods
Participants
One hundred participants responded to the online survey 
and provided informed consent to take part in this study 
September–December 2017. The demographic character-
istics of the participants, including body mass, were self-
reported, and are presented in Table 1. The participants were 
recruited from local running clubs and were all amateur 
Table 1  Participant 
characteristics
M male, F female, CHO carbohydrate, PRO protein
a Denotes difference in body mass between males and females (P = 0.001)
b Numbers in parenthesis represent minimum and maximum values
Nutrition knowledge and 
sources of nutrition informa-
tion
Pre- and post-ex 
CHO and post-ex 
PRO
24 h pre-ex CHO
Total number of participants (n) 100 82 49
Male participants (n) 43 42 25
Female participants (n) 57 40 24
Mass (kg) M: 73.5 ± 10.3a
F: 58.8 ± 9.6
M: 72.8 ± 10.9a
F: 59.0 ± 9.8
M: 73.0 ± 10.8a
F: 59.2 ± 9.5
Age (years) 32 ± 13 30 ± 13 31 ± 14
Number of years  runningb (1) 9 ± 9 (32) (1) 10 ± 9 (32) (1) 8 ± 9 (32)
Number of hours run per  weekb (1) 3 ± 2 (7) (1) 3 ± 1 (7) (1) 3 ± 1 (7)
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level—defined as not racing competitively at regional level 
or above. Participants were required to partake in runs of at 
60-min duration each week, however. The study received 
ethical approval from Newcastle University.
Survey
Data was collected via an online survey (Online Surveys, 
Bristol, UK) that was distributed amongst running club 
members. The survey consisted of three sections; the first 
was to collect demographic information, the second to col-
lect pre- and post-exercise dietary intakes, and the third 
to assess nutrition knowledge and sources of nutrition 
information.
Capturing pre- and post-exercise nutrition intakes 
required participants to fill in an open text-box describing 
everything that they consumed during that specific time. 
Participants were asked to provide; (1) a 24 h recall of their 
dietary intake prior to a race/run race; (2) details of a pre-
race meal consumed ~ 2 h prior to a race/run and; (3) details 
of anything they consumed (e.g., a supplement, meal or 
combination) immediately or within the first 60 min fol-
lowing a race/run. Participants were encouraged to do the 
24-h pre-exercise recall in-real time (e.g., before or after 
and actual run/race). The acute pre- and post-race intakes 
required participants to provide details of a ‘typical’ intake/
meal [9]. To increase the accuracy of the data, we also speci-
fied that the recalls should reflect intakes before runs/races 
lasting ≥ 60–90 min only (e.g., ½ marathon or a marathon 
distance for most) because exercise of this duration is more 
likely to be compromised by sub-optimal CHO loading 
strategies [1, 3]. Participants were provided with completed 
examples to demonstrate the level of detail that was required, 
including brand names and amounts of each food/drink in 
grams/household measures. The first two authors screened 
all dietary recalls prior to analysis and excluded any that did 
not provide sufficient detail of the type and amount of foods 
consumed. Analysis was performed with a validated online 
dietary software tool (Intake24, Newcastle, UK).
Follow-up questions focused on knowledge of the cur-
rent CHO and PRO intakes pre- and post-exercise. Specifi-
cally, participants were asked to select from a drop down 
list what the recommended intakes are for effective CHO 
loading 24 and 2 h before a distance run/race and what the 
recommended CHO and PRO intakes are post-race. Finally, 
they were asked to provide details of their main sources of 
sports nutrition information.
Data analysis
Data was analysed using SPSS (Version 24.0) and the level 
of statistical significance was set to P < 0.05. Data were con-
sidered normally distributed according to the Shapiro–Wilk 
test. The recommended guidelines for pre and post-exercise 
CHO and post-exercise PRO intakes were taken from the 
Position of the Academy of Nutrition and Dietetics, Dieti-
tians of Canada, and the American College of Sports Medi-
cine: Nutrition and Athletic Performance [4]. Independent 
samples T tests were used to compare recommended intakes 
to the participant’s intakes. Questions relating to nutrition 
knowledge and sources of nutrition information are pre-
sented as frequency of responses. All data are presented as 
mean ± SD unless stated otherwise and results for dietary 
intakes are reported relative to body mass.
Results
Due to insufficient detail provided in the pre-exercise dietary 
recalls (as agreed by two researchers upon inspection), data 
for CHO loading practices 24 and 1–4 h pre-exercise were 
only performed with 49 and 82 participants, respectively 
(see Table 1 for demographics). The remaining data were 
excluded from data analysis. There were no sex differences 
in dietary intakes or physical characteristics (P > 0.05) other 
than body mass (P = 0.001; Table 1). Thus, we grouped all 
participants together for analysis to increase our sample size.
Pre and post‑CHO and PRO intakes
CHO intake 24-h pre-exercise was 3.3 ± 1.7 g kg day−1—
significantly lower than both the 7–12 g kg day−1 recom-
mendation for effective CHO loading 24 h before a training 
run or race lasting ≥ 60–90 min and the 5–7 g kg day−1 rec-
ommendation for exercise of ~ 1 h ([4]; P = 0.001; Fig. 1). 
Less than 20% reported consuming ≥ 5 g kg−1 of CHOs in 
the 24-h pre-run (Table 2). Average CHO intake in a typi-
cal pre-race meal was 1.2 ± 0.6 g kg−1 which is in agree-
ment with the recommend guidelines of ≥ 1.0–4.0 g kg −1 
([1]; P < 0.05; Fig. 1; Table 2). Post-exercise CHO intakes 
(< 60 min post) were not different to the current guidelines 
(1.1 ± 0.8 g kg−1 vs. 1.2 g kg−1; [5], P = 0.190; Fig. 1); how-
ever, less than 50% of participants met this target (Table 2). 
Average post-exercise PRO intakes (< 60 min post) exceeded 
the minimum recommended guidelines (≥ 0.25 g kg−1; [5]) 
by ~ 0.15 g kg−1 (P = 0.001; Fig. 1); however, 25% of the 
participants consumed ≤ 0.25 g kg−1 (Table 2).
Knowledge of the recommendations
Only 4% of participants correctly identified the pre-exer-
cise recommendations for CHO loading; 11% selected an 
incorrect answer (< 10 g kg−1) and 85% selected ‘I don’t 
know’. For post-exercise intakes, only 4% correctly iden-
tified the recommend PRO intakes and only 1% identified 
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the recommended CHO intakes. The remaining respondents 
selected either ‘I don’t know’ (89% for both) or answered 
incorrectly.
Sources of sports nutrition information
Figure 2 provides the frequency of responses (%) for the 
participants main source of sports nutrition information. The 
most frequently selected response was the internet, followed 
by friends and magazines. Fitness professional, sports nutri-
tionist and dietitian were the most infrequent answers.
Discussion
The main finding of this study is that amateur endurance 
runners do not consume sufficient CHOs to optimize gly-
cogen stores in the 24 h before distance runs or events. 
Most reach the current recommended guidelines for PRO 
intake post-exercise, but only half reach the current guide-
lines for post-exercise CHO intakes. Overall, the runners 
exhibited a poor knowledge of the pre- and post-exercise 
guidelines for optimal PRO and CHO intakes, with less 
than 5% correctly identifying the recommended intakes.
This is not the first study to report that dietary CHO 
intakes are sub-optimal in amateur endurance athletes. 
Praz et al. [10] reported that the average CHO intake of 
40 ski-mountaineers was ~ 4.5 g kg day−1 in the 4 days 
leading up to an ultra-endurance event. Akin to the aver-
age CHO intakes reported in our study before an event 
(3.3 g kg day−1), these intakes are significantly below 
the current guidelines, which recommend CHO intakes 
are increased to 10–12 g  kg  day−1 36–48  h before 
events > 90 min in duration to optimize glycogen stores 
and performance [4, 14]. Similarly poor use of effective 
CHO loading practices was reported by Sparks et al. [15] 
who found that only 48% of ~ 2500 cyclists taking part 
in a 94.7 km road race in South Africa intended to CHO 
load in the 2–3 days leading up to the race. Because actual 
CHO intakes were not recorded, it is unclear whether those 
intending to CHO load reached the recommended sports 
nutrition guidelines. Wardenaar et al. [16] did not assess 
CHO intake in the days before an event, but did report 
Fig. 1  a Carbohydrate (CHO) 
intake 24 h (n = 49) and ~ 2 h 
pre-run/race (n = 82) vs. recom-
mended intakes [4]. b CHO and 
protein (PRO) intakes post-run/
race vs. recommended intakes 
(n = 82) [4]. *Different to rec-
ommended intakes; P < 0.05
Table 2  The % of participants 
meeting the minimum 
recommendations for pre- and 
post-exercise carbohydrate and 
post-exercise protein intakes
a Data in parenthesis indicates minimum recommended amounts, based on [4]
Variablea % of participants meeting 
minimum recommendations
24-h pre-exercise carbohydrate intake (5 g kg−1; n = 49) 19
1–4 h pre-exercise carbohydrate intake (1 g kg−1; n = 82) 60
Post-exercise carbohydrate intake (1 g kg−1; n = 82) 48
Post-exercise protein intake (0.25 g kg−1; n = 82) 75
Fig. 2  Frequency of responses (%) for participants main source of 
sports nutrition information (n = 100)
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that the habitual CHO intake of ultra-marathon runners 
was only 4.4 ± 1.3 g kg day−1, which is below the 5–7 
g kg day−1 intakes recommended for moderate training [4].
The fact that so few of the participants in the present 
study consumed ≥ 5 g kg day−1 of CHOs 24-h pre-exercise, 
suggests that many do not even reach the lower end of rec-
ommended CHO intakes for moderate training equivalent 
to 60 min day−1 (5–7 g kg day−1,[4]). However, given that 
the average time each participant trained in this study was 
3 h wk−1, it could be argued that in for this group of ama-
teur runners, their CHO intakes might have actually been 
sufficient for replenishing muscle and liver glycogen stores 
between training sessions, and therefore, adequate for fueling 
training runs of 60–90 min. This is not to say that these 
intakes would be optimal prior to a race of < 90 min dura-
tion; Burke et al. [1] recommends intakes of ≥ 7 g kg day−1 
24–36 h prior to a race of this duration, owing to the high 
intensity of races and therefore high reliance of glycogen. 
Indeed, it is well established that consuming adequate CHO 
before exercise of this intensity and duration can enhance 
performance; thus, the inadequate intakes reported could 
compromise performance, as well as the physiological adap-
tations associated with training at high intensities, such as 
enhanced CHO oxidation [2]. This could mean that some of 
these athletes are reliant on fat oxidation for events of this 
intensity and duration, which is known to impair endurance 
performance [18].
Because we only asked participants to describe intakes 
prior to a 60–90 min training run or race, we cannot deter-
mine whether the dietary recalls were typical of their pre-
race or pre-training run, and whether these differed substan-
tially. This is the same method used in previous studies of 
this nature [9]; however, we encourage future research in 
this area to ask for dietary recalls for both race and training 
runs—including specific types, to specifically determine if 
amateur runners adequately fuel prior to races.
To maximize liver and muscle glycogen stores, the latter 
of which might be partially depleted following an overnight 
fast, athletes are recommended to consume a CHO rich meal 
(1–4 g kg−1) 1–4 h prior to a race [1, 4, 14]. In the present 
study, the number of participants meeting the recommenda-
tions was far lower than those reported by Wardenaar and 
colleagues [16] in a sample of ultra-marathon runners. In 
their study, CHO intake was ~ 1.2 g kg −1 3–4 h pre-race 
with ~ 88% of respondents consuming ≥ 1.0 g kg −1. There 
are several possible reasons for the discrepancy intakes in 
the present study and the study of Wardenaar et al. [16] 
including differences in dietary analysis techniques and 
participants. Perhaps the most notable is the fact that in 
their study the pre-exercise CHO intake was specific to a 
60 km running race, whereas the present study instructed 
the participants to detail a meal before a run or race event 
lasting ≥ 60–90 min. It would be reasonable to assume that 
the higher number of participants reaching the guidelines 
in the study of Wardenaar et al. [16] was, at least in part, 
influenced by the distance of the upcoming race.
The participants demonstrated a poor knowledge of the 
recommended post-exercise PRO intakes, with the major-
ity of respondents selecting ‘I don’t know’. In a similar 
study with amateur triathletes from Australia [9], knowl-
edge of post-exercise PRO intakes were also poor; however, 
the number of respondents selecting ‘I don’t know’ was 
only ~ 43%, suggesting they had a better knowledge of the 
sports nutrition guidelines then the participants in the pre-
sent study. Nonetheless, despite their poor knowledge of the 
guidelines, most of the participants in the present study con-
sumed ≥ 0.25 g kg−1, suggesting that irrespective of knowl-
edge, many amateur runners habitually consume sufficient 
amounts of PRO following running exercise.
The amateur runners in the present study reported con-
suming ≥ 1 g kg−1 of CHO immediately following endurance 
exercise. While this is in line with the current CHO recom-
mendations for rapid restoration of glycogen stores follow-
ing exercise (1.2 g kg−1; [5]) and similar to the amounts 
reported by Doering et al. [9] for young amateur triathletes 
(1.1 g kg−1) several participant’s reported intakes above the 
lower end of the recommendations ≥ 1.0 g kg−1 [1]. Doering 
et al. [9] did not describe the number of participant’s that 
reached the ≥ 1.0 g in their present study for comparisons 
with the present study. However, given the wide-variability 
of intakes in their study (SD ~ 0.7 g kg−1) it would be reason-
able to assume that a high number of participants were also 
not reaching the current recommendations. Interestingly, 
they found that older triathletes (≥ 50 years old) failed to 
reach the guidelines for post-exercise CHO intakes, only 
consuming 0.7 g kg−1 immediately post-exercise. We did a 
sub-analysis on our data to analyze for age differences but 
did not observe any significant differences in post-exercise 
CHO or PRO intakes in those ≥ 50 years old in the present 
study (data not shown).
There are several possible reasons why the amateur run-
ners in this study had sub-optimal CHO intakes, especially 
in the 24 h before a race. Firstly, given that only 4% of par-
ticipants were able to correctly identify the recommended 
intakes for CHO loading prior to a race or training ses-
sion > 60–90 min, many might simply lack the knowledge 
necessary to adequately fuel themselves. However, lack of 
knowledge cannot be the only factor, because knowledge 
of post-exercise PRO and CHO intakes were equally poor 
but half or more of the participants still reached the current 
guidelines. Therefore, factors such as financial and time con-
straints associated with purchasing and preparing foods and 
concerns about weight management are likely contributing 
factors. Some could have also been deliberately consum-
ing fewer CHOs. Low or reduced CHO diets have grown 
in popularity in recent decades, receiving enormous media 
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attention [17]. It is possible that some of the runners in the 
present study were following a low CHO diet, erroneously 
believing that it might benefit performance [18]. The influ-
ence of these and other factors on the dietary intakes of ama-
teur runners should be explored in future studies.
The top three sources of sports nutrition information 
for the amateur runners were internet websites magazines 
(21%) and friends (1%); only 1% of the sample reported 
that a qualified nutrition professional was their main source 
of sports nutrition information. These findings are not dis-
similar to others that have surveyed amateur athletes on 
their main source of nutrition information. For example, in 
Tsitsimpikou et al. [19] of the 329 gym members surveyed, 
over 50% said that most of their advice came from personal 
trainers or friends. More recently, Doering et al. [9] reported 
that only 12.7% of amateur triathletes consulted a sports die-
titian for nutrition advice, with nearly half relying either on 
their own knowledge or magazines, websites or friends. This 
is contrast to the findings with elite athletes, who tend to 
report that sports dietitians are their main source of nutrition 
information. For example, Devlin & Belski [20] reported 
that 98% of the professional football players they surveyed 
indicated that a sports dietitians was their primary source of 
nutrition information. Others have also indicated that most 
elite athletes, even at the collegiate level, have access to a 
sports nutrition professional for advice [21]. Because this 
study, and the others mentioned [9, 19] suggest that maga-
zines and the internet are primary sources of sport nutrition 
information for amateur athletes, it is important that accurate 
and useful information is made available via these platforms. 
Organizers of events and governing bodies might also help 
to improve sport nutrition knowledge of the general public 
by providing easy to understand resources both at events and 
on their websites/social media platforms.
The main limitation of this study is that the findings are 
reliant on self-reported dietary intakes and this should be 
taken into consideration when interpreting these findings. 
Great care was taken to remove those that did not provide 
sufficient detail; however, this does not control for that fact 
individuals commonly under report their dietary intakes and, 
therefore, it is probable that the runners in this study actually 
consume more than the values presented [7]. Nonetheless, 
even if the levels of under-reporting was a high as 30–50% 
for some athletes—as suggested by some [7], then many 
of the participants would still not have reached the current 
guidelines for CHO intake in the 24 h pre-exercise. Another 
potential limitation is the fact that we asked participants to 
describe their ‘typical’ intakes before and after a recent run 
of 60–90 min duration. This could have been several days for 
some of the participants and, therefore, led to inaccuracies.
Another limitation is the relatively low sample size and 
the fact that all of the amateur runners surveyed were from 
the UK. Thus, the findings of the present study might not 
translate to other countries and cultures, where access to 
certain types of foods and resources such as the internet 
and magazines might not be as readily available as in the 
UK and other western countries. It is also important to 
consider the influence of how the data are presented to 
the participants. We opted to present the dietary intakes of 
CHO and PRO relative to body mass, as is now common in 
scientific literature and amongst sports nutritionists; how-
ever, this may have been difficult for the participants to 
comprehend. If, for example, we had presented the data as 
absolute values, e.g., grams per day, their knowledge may 
have been adequate. This should be considered in future 
research. A strength of this study, however, is that it is the 
first to report the CHO and PRO intakes of amateur run-
ners and, unlike the previous studies in amateur athletes 
[9, 10, 15, 16], reports both the pre- and post-exercise 
intakes, at the most relevant times for performance and 
recovery.
In conclusion, this is the first study to demonstrate that 
many amateur runners do not meet the pre- and post-exercise 
guidelines for optimal CHO and PRO intakes. This is likely 
due, at least in part, to the fact they have poor knowledge of 
the current guidelines and often have to rely on the internet 
and friends for their nutrition advice, as opposed to qualified 
professionals. Notwithstanding these constraints, the sub-
optimal fueling and recovery practices observed in this study 
could affect performance and the general health of amateur 
runners suggesting that more education and resources should 
be readily available to this population.
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